Respiratory tract infections are of paramount importance in poultry industry because high mortality may occur in poorly managed cases. The etiology of respiratory diseases is complex, often involving more than 1 pathogen at the same time. A wide variety of pathogens has been associated with respiratory infections in poultry including avian pneumovirus (APV), avian influenza virus (AIV), and Newcastle disease virus (NDV). These viruses are of major importance because they can cause disease independently, in association with each other, or in association with bacterial agents. 2 Avian pneumovirus causes acute respiratory tract infection in turkeys (turkey rhinotracheitis) and chickens (swollen head syndrome). The virus belongs to the genus Metapneumovirus, subfamily Pneumovirinae, and family Paramyxoviridae. 4 In turkeys, APV is associated with catarrhal inflammation of the upper respiratory tract, foamy conjunctivitis, and sinusitis. 3 Minnesota is a major turkey-producing state, and APV infections have had a substantial financial impact on the turkey industry. 7 The United States was free of APV until late 1996 when the disease was first detected in turkeys in Colorado and later in Minnesota. 6 Single-virus reverse transcription-polymerase chain reaction (sRT-PCR) assays have been developed for the detection of US isolates of APV (APV-C) that do not amplify European isolates (APV-A and APV-B). 1, 5, 15, 17 Clinical signs of APV infection partially resemble those of NDV and AIV infections. Avian influenza is a highly contagious disease caused by type A influenza virus, a member of the family Orthomyxoviridae. 11 Disease resulting from influenza virus infection ranges from mild respiratory illness to fatal pneumonia. Newcastle disease virus, an Avulavirus, causes a highly contagious and fatal disease in chickens and turkeys. 10 Although vaccination programs have provided significant protection, NDV remains a potential threat to commercial poultry producers. The sRT-PCR assays are also available for the detection of NDV and AIV. 8, 9, 12, [18] [19] [20] Rapid detection of respiratory viruses has important clinical, economical, and epidemiological implications. Although sRT-PCR assays for the diagnosis of respiratory viruses are in common use, they can detect only a single infectious agent at a time and cannot detect infections involving more than 1 pathogen. Multiplex RT-PCR (mRT-PCR) assays involve simultaneous amplification of more than 1 infectious agent, using more than 1 primer pair. The advantage of mRT-PCR is that it combines the sensitivity and rapidity of PCR and eliminates the need to test clinical samples separately for each virus. These types of assays have been used successfully for typing and subtyping influenza viruses 13, 18 and for the detection of dual infections such as NDV and APV. 2 Because APV, AIV, and NDV can infect the respiratory tract of turkeys, the development of mRT-PCR assay that can detect all 3 viruses at the same time would be of great value. This study reports on the development and validation of a single-tube mRT-PCR assay for the detection of APV, AIV, and NDV.
Passage 63 of APV (APV/1a/MN/1997) 14 propagated in Vero cells (ATCC CCL-81) a and AIV (H4N8 strain) propagated in embryonated chicken eggs b were used. The NDV used was a mild Lasota strain contained in Bio-sota-vaccine. c Titration of APV, NDV, and AIV was carried out in chicken embryo fibroblast (CEF) cells as per the method of Reed and Muench. 16 Total viral RNA was extracted from individual stocks of all 3 viruses using Qiagen Mini viral RNA isolation kit d following manufacturer's instructions. In brief, 140 l of each virus stock (cell culture-propagated APV, embryonated chicken egg-propagated AIV, and vaccine strain of NDV) was mixed with 560 l of lysis buffer, vortexed briefly, and incubated for 15 minutes at room temperature, followed by the addition of 560 l of absolute ethanol. This mixture was passed through a spin column followed by 2 washings with washing buffers (AWI-1 and AWI-2) and a final elution in 60 l of elution buffer. The RNA was stored at Ϫ20 C until use.
For sRT-PCR, the target sequences selected were matrix gene of APV, nucleoprotein gene of AIV, and fusion protein gene of NDV. The primers used in the study are listed in Table 1 . The sRT-PCR was carried out in a reaction volume of 50 l containing 10 l of 5ϫ RT buffer (12.5 mM MgCl 2 ), 2 l of deoxynucleoside triphosphates (dNTP) mixture (10 mM of each dNTP), 2 l of enzyme mix and 2 l of Q solution, 1 l of each primer (50 pmol each), 10 l of RNA (500 ng), and 22 l of nuclease-free water. Reverse transcription was carried out at 50 C for 45 minutes followed by 95 C for 15 minutes to inactivate RT enzyme. The PCR conditions used were 35 cycles of 94 C for 45 seconds (denaturation), 52 C for 45 seconds (annealing), and 72 C for 90 seconds (extension). After 35 cycles of PCR (GeneAmp PCR system 9600), e final extension was carried out at 72 C for 5 minutes.
The mRT-PCR was performed with different combinations of primer pairs. Various thermal cycler (GeneAmp PCR system 9600) e programs were evaluated to optimize reaction conditions. The optimal procedure consisted of a reaction volume of 50 l containing 10 l of 5ϫ RT buffer, 2 l of dNTP mixture, 2 l of enzyme mix and 2 l of Q solution, 1 l of each primer (50 pmol each), 500 ng of each virus RNA, with the remaining volume being completed with nuclease-free water. The thermal cycler conditions for RT were 50 C for 1 hour, 95 C for 15 minutes to inactivate RT enzyme followed by 3-step amplification for 40 cycles of 94 C for 1 minute (denaturation), 53 C for 1 minute (annealing), and 72 C for 2 minutes (extension), followed by 72 C for 10 minutes (final extension). Electrophoretic separation of PCR products (10%) was performed for 1 hour at 101 V on 3% agarose gel in 1ϫ Tris-acetate-EDTA (TAE) Figure 2 . Sensitivity limits of sRT-PCR and mRT-PCR assay. A, sensitivity limits for NDV (10 0.7 TCID 50 /ml). B, sensitivity limits for APV (10 0.5 TCID 50 /ml). C, sensitivity limits for AIV (10 1.2 TCID 50 /ml). D, sensitivity limits of mRT-PCR for NDV, APV, and AIV (10 0.7 TCID 50 /ml, 10 0.5 TCID 50 /ml, and 10 1.2 TCID 50 /ml, respectively). Lane M: 1-kb DNA ladder; lane 1: undiluted virus stock; lanes 2-9: serial 10-fold dilutions of these 3 viruses.
buffer, followed by staining with ethidium bromide. The PCR products were visualized under UV transilluminator. For estimating product length, 1-kb DNA ladder f was used as a marker.
To test the sensitivity of sRT-PCR assays, serial 10-fold dilutions of each virus ranging from 10 Ϫ1 to 10 Ϫ9 were prepared in phosphate-buffered saline (pH 7.2). For determining the sensitivity of mRT-PCR, all 3 viruses were first pooled in equal amounts, and then 10-fold dilutions were prepared (ranging from 10 Ϫ1 to 10
Ϫ9
) in phosphate-buffered saline. Total viral RNA was extracted from all dilutions. The sRT-PCR and mRT-PCR assays were performed on RNA extracted from respective dilutions of viruses. The final dilution that gave a positive band on ethidium bromide-stained gel was considered to be the end point of the assay. Beaudette strain of infectious bronchitis virus (IBV) g and Crawley strain of avian reovirus (ARV) g along with nucleic acid extracted from uninfected Vero cells and CEF cells were used to determine the specificity of the assay.
To validate the use of mRT-PCR in field samples, 40 APVpositive choanal swabs were obtained from an APV vaccine evaluation study. 14 All samples were collected from turkeys inoculated with a live APV vaccine or with a virulent APV. Ribonucleic acid was extracted from these samples and tested by both sRT-PCR and mRT-PCR assays.
The sRT-PCR assay resulted in the amplification of APV, with an expected product size of 438 bp. Amplification of AIV and NDV with their specific primers in sRT-PCR assays produced expected products of 218 and 532 bp, respectively (Fig. 1) . As shown in Fig. 1 , mRT-PCR produced 3 bands of expected sizes (438 bp for APV, 218 bp for AIV, and 532 bp for NDV).
The initial virus titers were 10 6.5 tissue culture infective dose (50%) (TCID 50 )/ml for APV, 10 7.2 TCID 50 /ml for AIV, and 10 6.7 TCID 50 /ml for NDV. The sRT-PCR assay detected viral RNA in samples containing 10 0.5 TCID 50 / ml, 10 1.2 TCID 50 /ml, and 10 0.7 TCID 50 /ml for APV, AIV, and NDV, respectively (Fig. 2) . The sensitivity of mRT-PCR assay was similar to that of sRT-PCR assay (Fig. 2) . In the test validation study, all 40 APV-positive choanal swabs were found positive in both mRT-PCR and sRT-PCR assays. The nucleic acids extracted from IBV, ARV, Vero cells, and CEF cells did not yield any product with these primers sets.
The use of RT-PCR for the detection of APV, AIV, or NDV is not new; several strategies for RT-PCR assays have been developed during the last few years to detect these viruses individually. To develop a technique for the simultaneous detection of these 3 respiratory viruses, a single-tube mRT-PCR assay was developed and evaluated. All 3 viruses were detected using this technique in a single-tube system. The selected primers produced virus-specific products of expected sizes in sRT-PCR as well as in mRT-PCR assays. The nucleic acid extracted from IBV and ARV and from uninfected Vero and CEF cells showed no amplification, indicating specificity of the primers used in this study relative to these viruses.
Sensitivity of the mRT-PCR assay was found to be similar to that of sRT-PCR, indicating the utility of this test in detecting multiple infections. This newly developed mRT-PCR procedure was validated for use in APV-positive clinical samples. Samples that were positive in sRT-PCR were also positive in mRT-PCR, indicating that mRT-PCR procedure can be used for the detection of APV in clinical samples thus reducing the time and expense in evaluating clinical samples. This method should also be useful in epidemiological studies. The results of this study corresponded well with published data on mRT-PCR for APV and NDV. 2 In summary, single-tube mRT-PCR holds potential as a rapid diagnostic method for the simultaneous detection of 3 avian respiratory viruses in clinical and field samples from chicken and turkeys.
